Growth and production models are widely used to predict yields and support forestry decisions. Artificial Neural Networks (ANN) are computational models that simulate the brain and nervous system human functions, with a memory capable of establishing mathematical relationships between independent variables to estimate the dependent variables. This work aimed to evaluate the efficiency of eucalypt biomass modeling under different spacings using Multilayer Perceptron networks, trained through the backpropagation algorithm. The experiment was installed in randomized block, and the effect of five planting spacings was studied in three blocks: T1 -3.0 x 0.5 m; T2 -3.0 x 1.0 m; T3 -3.0 x 1.5 m; T4 -3.0 x 2.0 m e T5 -3.0 x 3.0 m. A continuous forest inventory was carried out at the ages of 48, 61, 73, 85 and 101 months. The leaf area, leaf perimeter and specific leaf area were measured at 101 months in one sample tree per experimental unit. Two thousand ANN were trained, using all inventoried trees, to estimate the eco-physiological attributes and the prognosis of the wood biomass. The artificial neural networks modeling was adequate to estimate eucalypt wood biomass, according to age and under different spacings, using the diameter-at-breast-height and leaf perimeter as predictor variables.
Introduction
Clean energy production from forest biomass is a sustainable alternative to fossil fuels (non-renewable). Technological advances that aim to increase productivity are necessary and provide subsidies in choice of the most adapted genetic material, better planting methods, conducting and harvesting a forest stand.
Dry matter accumulation is an integrated measure of plant physiological performance over time (Merchant et al., 2010) . The correlation of this accumulation with photosynthesis indicates that it is able to express competition for space, nutrients, water, solar energy, temperature, carbon dioxide, utilization efficiency of these resources and interaction among them (Almeida et al., 2007; Montaldo et al., 2008; Costa et al., 2009 ).
Biomass quantity and quality can be affected by competition imposed by the planting spacing. Greater initial biomass production by area is expected in more densely planted and growth stagnation occurs at younger ages, due to intensification of resource utilization.
Throughout the rotation, differences in growth between different densities tend to be minimized (Campos & Leite, 2013) .
Growth and production models are widely used to predict yields and assist silvicultural decision making. Mechanistic models (or process Com. Sci., Bom Jesus, v.9, n.3, p.438-448, Jul./Sep. 2018 models) are flexible to certain environmental characteristics, encompassing growth trends and biological assumptions (Miehle et al., 2009; Campos & Leite, 2013) . These models provide estimates of forest productivity by weighing the influence of environmental factors (Almeida et al., 2007) . The leaf area, specific leaf area and perimeter are eco-physiological parameters that influence photosynthetic capacity and leaves respiration (Alcorn et al., 2008; Montaldo et al., 2008; Ferreira et al., 2016) , besides being useful to characterize plant adaptations to environmental conditions. Among these, specific leaf area is routinely used in prediction models, such as 3-PG (Physiological Processes Predicting Growth) and CABALA (Nouvellon et al., 2010) .
As alternative to traditional regression modeling, Artificial Neural Networks (ANNs) are composed of a massive parallel system integrated of simple processing units (artificial neurons), which calculate certain mathematical functions and allow to generalize assimilated knowledge to unknown data (Gorgens et al., 2009; Binoti, 2010; Binoti et al., 2015; Zanuncio et al., 2016) .
For the training of multilayer perceptron networks (multilayer), traditionally, backpropagation algorithm is adopted to optimize predictive capacity. This algorithm extends network's ability to solve non-linearly separable problems (Braga et al., 2007) .
This work aimed to evaluate the efficiency of eucalypt biomass production modeling under different spacings using artificial neural networks technique.
Material and Methods
This work was conducted in Itamarandiba municipality -MG, at 17º 50' south latitude and 42º 49' west longitude, Aperam Bioenergia area.
The predominant climate in region is classified as
Cwa by Köppen international system (Köppen, 1936) , with mild and dry winters and hot, rainy summers. The dry season is well defined, from
April to September, with a monthly water deficit of 30 to 50 mm (INMET, 2010) . Annual averages of rainfall and temperature are 1,160 mm and 20ºC, respectively (Pulrolnik et al., 2009 In the same sample trees, it was measured: Leaves were collected from the fifth insertion of branches, which were in the center of thirds. The leaves were dried at 65°C until constant weight in a oven with forced air circulation and, from the dry biomass, specific leaf area was calculated using the formula: To obtain leaves biomass, this component was weighed in field and subsamples were collected to obtain dry mass. (Table 2) .
Feedforward networks trained through the backpropagation algorithm were employed.
Data normalization and equalization were realized in all pre-processing. The data was randomly divided into training groups (80% of samples) and validation (20%), mutually exclusive (Holdout method).
Two thousand ANN of the Multilayer
Perceptron (MLP) type were trained: 100 for estimation of eco-physiological attributes and 
Results and Discussion
The artificial neural network structure for eco-physiological attributes estimation was 6-8- light intensity (Vieira et al., 2014; Ferreira et al., 2016) . As it reduces spacing, trees tend to get smaller due to increased competition. In general, trees height and diameter growth, per hectare, correlated negatively with the eco-physiological attributes (Table 3) (Table 5) .
Obtained estimates with network 5 were not statistically significant. This may be related to an underfitting generated by a small number of cycles (Table 4) , preventing network from achieving its best performance (Cabacinha & Lafetá, 2017) . Underfitting phenomenon is common and related to network subtraining, which does not converge adequately during adjustment of its synaptic weights (Braga et al., 2007) .
Although the ANNs presented a good training and a worse validation, RMSE and Bias varied little between processing phases and relative amplitudes errors were, on average, 20.65% training and 17.89% validation (Table 5) This was probably consequence of excessive memorization of training data (10,000 cycles) or overfitting.
ANNs 13 and 14 showed less estimates dispersion and better projections along age. can capture biological realism of a cumulative production curve, characterized by a sigmoidal behavior.
Conclusions

Artificial neural network modeling, with
Multilayer Perceptron architecture and trained by backpropagation algorithm, can be used with good precision to estimate eucalypt wood biomass at different planting spacings.
Artificial neural networks technique can
be recommended for prediction of eucalypt wood biomass, using diameter-at-breast-height and leaf perimeter in set of predictor variables.
Dendrometric and eco-physiological predictors variables combination can be a viable alternative to improve quality of eucalypt wood biomass estimates.
